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6 Prefecc 

and I read it again and again, little thinking that I shonll 
one day be a humble disciple of the great aeronaut. Yet 
it was mainly due to such reading that my interest in the 
subject was awakened and my subsequent course of action 
guided, and I took part in aerial voyages in which Britisk 
and World's records were created. From that tins 
aeronautics has been to me both work and recreation. I 
have written much about this fascinating new science, 
and since 1909 have never ceased from urging its tie^ 
mendous importance in national defence. 

It is a bigger question now than ever it was, and it u 
only by the pubUc taking an interest in it that thb 
country will avert the disaster of being excelled by other 
Powers. It is my hope that the present book may stimih 
late both study and practice, and thus contribute, if it 
be only a Uttle, towards this end. 
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AIRCRAFT OF TODAY 



CHAPTER I 

FLYING IN ANCIENT LITERATURE 

From the begixining the air has seemed unconquerable, 
yet intensely desirable. And now that it is at last 
navigated we feel that the human race has attained a 
greater glory : nothing so much as this has satisfied man's 
love of conquest and sense of power. 

So impossible did it seem that few save poets and 
dreamers considered it. Strangely enough, with nothing 
scientific to justify their faith, they entertained visions 
that have now been realized. They saw as with the eye 
of faith. But the men who first ascended into the air 
used balloons, contrivances that had been only in the 
dinunest way foreshadowed in one or two idle specula- 
tions : where aviation has a place in mythology it appears 
always to have been inspired by the flight of birds, or 
by the poetic conception of angels and other superior 
winged beings. 

To be able, like the birds, to roam at will in the air 
was in itself sufficiently desirable to account for the 
veferences in ancient literature, although their appearance 
in the mythology of nearly all races has suggested to 
nany minds that in prehistoric times a civilization 
coasted that possessed the art of flying. Certainly the 
iiNt is traceable in writings and in pictures of all the 
(jMKiatmiB of which any record remains. 

II 



22 Early Experiments and Projects 

Brescia, the Italian town where Francesco Lana lived* 
is in a district that enjoys long aeronautical traditions. 
It was here that one of the first aviation meetings was 
held ; and at Mantua, which is not far away, Leonardo 
da Vinci, who wrote the first treatise on mechanical flight, 
and demonstrated the principle of the parachute, lived 
and worked from 1487 to 1499. This versatile genios, 
who was painter, sculptor, military and civil engineer, 
and architect, drew the first technical design for imitation 
wings. In his machine the aviator was to occupy a 
horizontal position and work the flying strokes with his 
arms and feet by means of ropes passing over pulleys. 
The wings resembled those of the bat, and consisted of 
several parts which flapped together in the upward stroke 
and spread out on the down stroke. A tail surface was 
provided between the parted legs. Here is a paragraph 
from Da Vinci's work : — 

" The bird should with the help of the wind raise itself 
to a great height, and this will be its safety ; because 
although all the revolutions mentioned may happeiit 
there is time for it to recover its equilibrium, pro^dded 
its various parts are capable of strong resistance so that 
they may safely withstand the fury and impetus of the 
descent, being provided with the safeguards mentioned, 
with their hgaments of strong, tanned leather and their 
tendons of very strong, raw silk ; and no one need trouUe. 
to use iron joints, because they split under the strain of ft 
twist, or wear out, so that there is no need to trouble abootl 
making them." 

Leonardo da Vinci's manuscript on the " Flight 
Birds " was written at Florence in 1505. It was 
his papers at his death, and was left by his will to 
companion Francesco Melzi. It accompanied many 
Leonardo da Vinci manuscripts to Paris by the ordc 
Napoleon in 1796. At the general restitution of 
only the Codex Atlanticus, as it is called^ was sent 
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three hours, and then the wings gradually close. When 
the driver perceives this he lets himself fall gently to 
earth upon his own feet, in order to rewind the wheels 
of the clockwork, and then resumes his seat above the 
wings to continue his flight. 

" He himself says that, if by some ill-luck one of the 
wheels jammed, or the framework were to break, he would 
inevitably fall headlong to the groimd. For this reason 
he does not rise much beyond the height of the trees, 
and he has not run the risk more than once of passing 
over the sea, which he did from Calais to Dover, arriving 
the same morning in London, whither he said he was 
drawn, partly by curiosity, partly by the fame of our 
learned men and professors of mechanical science, who 
seem in the present day to surpass all others in the known 
world both in the design of their works and in the technical 
skin with which they construct them. 

" He has already had an interview with two of the 
leading men in that branch of science, who have seen his 
machinft at work, and he has promised to send them by 
next Christmas an entire and complete set of wheels, 
more accurately finished, and not so hable to accidents, 
which will only occupy half the space of the old ones, 
with this difference into the bargain, that they will work 
more quietly, and will continue revolving on the average 
for six hours, so that the machine wiU fly at the rate of 
tibmrty miles an hour without rewinding the clockwork. 

" The exquisite choice of the feathers which adorn this 
bird surpasses the imagination and skill of the ablest 
painters. The most beautiful variety of colour and shade 
is there represented : brilliant sky-blue, gold, ruby, green, 
brown, and white, and these colours all blended in such 
deli^tful fashion that the like has never been seen before. 

" The inventor recently made a flight from the Park of 
]:- IffPdkm to M^ndsor Terrace, and returned thence, the 
f iqiofe expedition taking less than two hours. On 
I 
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Early Experiments and Projects 31 

machinery, though it does not seem to have been put to 
any important use. His optical invention may also be 
mentioned here, being an instrument for testing the purity 
of water by the abstraction of light, which was used very 
successfully in investigating the Thames waters. 

" In aeronautical science he was far ahead of his con- 
temporaries. Had his suggestions been adopted and 
money been forthcoming for the purpose, a dirigible 
balloon might have hovered over the field of Waterloo 
and brought news of Blucher's progress to the anxious 
Duke. In z8zo he had publicly stated that he could at 
once construct a balloon ' that should carry its passengers 
at twenty miles an hour ' ; and judging from the know- 
ledge displayed in his writings it is quite possible to be- 
lieve it. 

" In the year of Queen Victoria's coronation he en- 
deavoured to establish an aeronautical society, but 
without success, for ballooning was in bad odour in those 
days, and generally regarded as the exclusive property 
of mountebanks and showmen at country fairs." 

A few experiments with wing-surfaces in the first half 
of the nineteenth century scarcely need be mentioned. 

There was living at Uandudno in 1910 a widow, Mrs. 
Ifiriam Jones, who on July 14 of that year celebrated 
her ninety-first birthday, and she recalled the fact that 
her husband made a glider with the wings of birds, and 
eiqieriniented in short planing excursions from the rocks 
imtil a &n disabled him. 

little further light was shed on the subject until 

FhoidB Wenham, in 1865 and 1867, showed that the 

litting power of a plane of great superficial area could 

bsjoteiiiiied also by dividing the large plane into several 

pu jij jitoperi mposed, or superposed — i.e. arranged in tiers. 

vm's machine had six planes. When he placed 

in a^ Strang wind with this apparatus, he was lifted 

sown backwards. He made further experiments. 
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34 Early Experiments and Projects 

design was decided to be unsound. Then Qianute tried 
a " multiple-winged " machine, consisting of four paiis 
of superimposed curved planes, with a single plane above 
ull, and two wnngs at the rear. Three hundred flights | 
were made with this machine, and then the " double<leck 
type of rectangular planes — a distinct prototype of the 
Wright machine — ^was produced. 

The machine weighed only thirty pounds. The speed 
was about twenty-four miles per hour, and the angk ol 
descent from 7 J to 11 degrees. Some 700 glides were 
made with the apparatus without an accident. 

Herring attempted to apply a motor to the " doubfe- 
deck " machine, experimenting with various types of 
engine. 

But before this period notable successes had hem 
achieved in France and England, and in each case, curiooi 
to relate, the pioneer was regarded by his countrynM 
with indifference. Maxim in 1894 made a flying maduoe^ 
He demonstrated the efficiency of this aeroplane as it 
lifting apjxiratus, and that it did not fly was due chielf 
to the fact that in those days the light petrol motor 
did not exist, and that the inventor had to use a steam- 
engine. 
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ascents, balloonists conducted their operations before the 
public, who paid to see the novelty, so that, with the 
exception of occasional ascents, chiefly on the Continent, 
by savants, ballooning became associated with the world 
of amusement. It was not until Creswick and James 
Glaisher obtained grants from the British Association, 
in 1862, to enable them to make various scientific ob- 
servations in the air that ballooning in England was lifted 
out of the showman's province. 

Glaisher's systematic observations, although they have 
since been corrected in many important respects, were of 
great value. The story of his adventures, and the results 
of his observations, are given fully in that delightful 
aeronautical classic, " Travels in the Air," from which 
one remarkable incident is here quoted. This memorable 
ascent was made on September 5, 1862, from Wolverhamp- 
ton, by Glaisher and Coxwell. After describing a steady 
climb upwards to 29,000 feet, Glaisher continues : — 

" Shortly afterwards I laid my arm upon the table, 
possessed of its full vigour, and, on being desirous of 
using it, I found it powerless ; it must have lost its power 
momentarily. I tried to move the other arm, and found 
it powerless also. I then tried to shake myself, and 
succeeded in shaking my body. I seemed to have no 
limbs. I then looked at the barometer ; and whilst 
doiiig so my head fell on my left shoulder. I struggled 
and shook my body again, but could not move my arms. 
I got my head upright, but for an instant only, when it 
iell on my right shoulder, and then I fell backwards, 
my back resting against the side of the car, and my head 
on its edgie ; in this position my eyes were directed to- 
waids Mr. Coxwell in the ring. When I shook my body 
* I seemed to have full power over the muscles of the back, 
and coniiderabie power over those of the neck, but none 
rdgnBr either my arms or my legs ; in fact, I seemed to 

|li.aQiiiB. As in the case of tbe arms, all muscular 
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CHAPTER IV 

THE FIRST AIRSHIPS 

[G after the invention of the steam-engine it was 
id possiUe to equip a balloon with mechanical power. 
year 1852 witnessed the first attempt to do this, 
experimenter being Henry Giffard, who built, in 
is, a spindle-shaped balloon, the length of which 
Jljo feet. The power was provided by a 3 h.p. 



Pn. iix GirFABD's Ballook, 1853 
The fint •inhip driTen bf >n engine 

In still air this airship had a speed of four 
B per bovr. Long before GiSard's time an egg-shaped 
m bad been iffojected by General Mensnier, who 
idboad tbe priadple of the ballonnet. The Mensnier 
jMHKins to be equipped with hand^worked propellers 
fmUtK, an idea that was anticipated 1^ the Mothers 

t tile early part oi tbe nineteeiith century 
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■r. Maker. 

84. Renard and Krebs. 



86. Woelfert (Germany). 



93. 
95- 



David Schwartz 

(Russia). 
David Schwartz 

(lor Germany). 



98. Zeppelin (Germany). 



PD. 



Santos-Dumont 
(Fkance). 

Itoce (Colombo). 
Seveio (Paris). 



Biadsky Laboun. 
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A cigar-shaped balloon, 160 feet 
long, with a screw propeller, 
and a solid, pyramid-s^ped 
rudder. She attained a speed 
otj^ miles per hour. 

Cigar-^iaped, 91 feet long, with a 
two-bladed aluminium screw, 
and fitted with a Daimler 
benzine motor. She made four 
moderate trials, but ended with 
disaster and the death of two 
aeronauts. 

A rigid, aluminium airship, which 
proved useless. 

A rigid aluminium airship, 150 feet 
long, with a separate steering- 
screw, but no rudder. Fitt^ 
with a 12 h.p. Daimler motor. 
She could make no headway 
against a lo-mile breeze, and 
after landing was destroyed by 
wind. 

A rigid airship, roughly cigar- 
shaped, 418 feet long, 399,000 
cubic feet capacity, and fitted 
with two 16 h.p. motors. Suc- 
cessful when descending to 
water. 

A cigar-shaped balloon. Very 
successful. Won the Deutsch 
prize of ;(4,ooo. 

A double airship. Failure. 

Non-rigid airship that exploded 
during trial flight, designer and 
engineer being killed (May 12). 

A semi-rigid that broke up in the 
air (October 3). 



fil the prasent century the number has increased too 

fidly lor any list to be made here. 

M a tnveD^s st^mge tak is to be believed, Chinese 

tflil oterprise ought to be included in the list. In 
ftStmdaGtaie de VBomsoe," by Amedfe de Bast, 
Mini tint Father Vassou, a missionary at Canton 

eeotnry, speaks of a balloon which 
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wind. The dirigible, like the spherical balloon, can 
little more than drift helplessly with the wind. Re 





Fic. 14. Santos-Duhoht's Aikshim 
le of hii principal deu|[iu uid how Ihey dercloped. 1W la 
le bottom oo tSe ligfal 11 the moM Mtwiced tfpe ahowa. 



lively to the air which it is to navigate, the dnic 
as the jelly-fish is to the sea. It is no more raU 
that, aiid b just as modi at the mercy of evqt 
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One of the most famous airships of the rigid type was 
Zeppelin No. 4, which was destroyed when making a 
twenty-four hours' trial trip down the Rhine. It was 
about seven times as big as the first British airship, being 
426 feet long and 42 feet in diameter, and having a 
capacity of 455,000 cubic feet. It had a rigid aluminium 
framework, containing seventeen separate compartments 
filled with hydrogen. A sliding weight was employed to 
preserve balance. It was fitted with two cars and four j 
three-bladed propellers, and planes for steering up and 
down. 




Fig. 15. Thr Lbbaudy Semi-rigid Airship 

B. Ballonnets. C. Car. D. Propeller. E. Rudder. F. Subilizin^ 
wiA planes. G. Rifpd frame. H. Front adjustable plane. J, Hori- 
zontal plane. K. Petrol reservoir. L. Rear adjustable plane. 

The non-rigid type consists of a fabric envelope, 
inflated to such an extent as to be almost rigid, or pro- 
vided with special appliances preventing flabbiness. 
The non-rigid balloon cannot, of course, avoid at tiroes 
suffering reduction of bulk through passing into low 
temperatures and from other causes, and when flabby it 
cannot be driven at more than very low speed owing to 
increased air resistance. 

The first British airship was of this type. This ballooo, 
which was wrecked during a trial trip, measured X20 feet 
long and 25 feet in diameter, and was driven by an d^* 
cylinder 50 h.p. motor. There were two proptSn 
driving the vessel at something like twenty miles a& k0tf 
in still air. « 

In order to have a gas-container that woaid \m i 
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72 The First Airships 

diameter, and held about 100,000 cubic feet of gas. The 
engine was an 80 h.p. four-cylinder Renault. In front of 
the car was a triplane elevator, having a surface of 560 
square feet, and behind was a double rudder for steering. 
StabiUty was to some extent provided for by a group 
of four pear-shaped gas-bags surrounding the rear end ci 
the main envelope. 

A compromise between the rigid and non-rigid types 
was the Lebaudy, a form of airship held by some authori- 
ties to be superior to the Zeppelin. In this type the gas- 
envelope rests in a keel or bed of metal tubing. 




Fig. 16. Two Stylbs of Empbnnagb at the Stbrm 

FOR Kbbping Stability 



It is necessary to refer here to a hybrid class of aixsh^ 
— a combination of airship and aeroplane, which is very 
slightly heavier than air. This was devised by M. Ilal6^ 
cot, but in some respects Mal6cot's work was anticipated 
by Barton in England and by some earlier designen. 
The Mal6cot airship consisted of a spindle-shaped gas- 
envelope, 100 feet long, 24 feet in diameter, and of a 
capacity of 36,900 cubic feet. Suspended beneath it hf 
a nimiber of ropes was an aeroplane 63 feet in 
The planes were inclined at a greater upward tilt 
is usual in aeroplanes. The 30 h.p. motor was 
into a sort of cage, where there was also suffident p 
for a pilot and a mechanic. The piopelkr oam 
of a single piece of wood strengthened with meta^ 
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quickly followed ^ith other flights, on July 6. 190 
remaining in the air for t^^nty and a half minutes. L6 
Delagrange also was at this period malring flights. 

These experiments, however, were echpsed in Ameri 
by the Wright Brothers. OrviUe Wright accom[dish 
a flight of over an hour's duration as long ago as Septei 
her 9, igo8. and on September 12 stayed up for one ho 
and fourteen minutes. Then AVilbur Wright went 
France and began his remarkaUe series of flights, ofb 
taking up passengers with him. Half -hour and even ho 
flights were very common : and on December 31 W3b 




Fig. 17. Wright's Gliding Apparatus 

This differs from ChAonte's and others in hAYing no tail 

or "sUbiliier." 



Wright flew for two hours and nineteen minutes, at 
all the world wondered. Wright also demonstraii 
that pupils could become adept after spending a k 
hours in the air ; and his pupils in their turn becaa 
teachers. 

To Farman belongs the distinction of making the iip 
cross-country journey in an aeroplane. On October 3 
1908, he flew from Chalons to Rheims, a distance i 
sixteen miles, in twenty minutes. 

From one achievement to another aviatioii md 
progress imtil, slowly, the public began to think 
was " something in it " after all. France was in t^ 
of England in this respect, playing her usual < 
rAle of pioneering. France's reooidk as in dte 
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difficulties must increase with tbe scak of the machiiv 
goes far to preclude the idea that regular ocean servk 
will be conducted by flying machines rather than Iq 
ships. 

" But, as the history of science and invention abofr 
dantly proves, it is rash to set limits. For spedal pur- 
poses, such as exploration, we may expect to see flyini| 
machines in use before many years have passed." 






In January, 1907, the British Secretary for Wai 
refused to enter into negotiations with the Wi 
Brothers, saying : " I have nothing to add to my 
letter to you. The War Office is not disposed to entel 
into relations at present with any manufacturer oj 
aeroplanes." 

First flights on aeroplanes were made in the differeni! 
countries in the following order. (See opposite page.) 
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THE AERIAL OCEAN 



Safe and useful flight depends largely upon a tbnoa^ 
understanding of the atmosphere, and it is surprismg 
how slowly the knowledge of this subject p rogreaBe d 
until the end of the nineteenth century. TheOp omg 
to the attention given to aeronautics, and also owing to 
the desire to ascertain some means of oontroUiiig ramfil 
and preventing fog, men ventured beyond the vcsy 
primitive investigations and speculations that hiA 
before contented them. In France systematic obserar 
tions by means of kites and ballons sondes were canM 
on for many years, whilst little or nothing was being dots 
in England. It was, however, an RngHshnian, Doughi 
Archibald, who first conceived the idea of «^«<^tyig op 
kites equipped with automatic registering instnunents. 
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Early in the present century the Manchester University 
Meteorological Department commenced systematic kite 
observations, and the results have been invaluable. A 
specimen of the daily report issued for many years by 
this institute is given here. The report illustrates the 
very interesting phenomenon, common in the Northern 
Hemisphere, of the prevalence of more westerly winds 
i& the upper air than at the earth's surface. Wise, the 
baDoonist, declared that at an altitude of 15,000 feet he 
invariably met a westerly wind, and other aeronauts have 
observed this. The matter will be found further eluci- 
dated on page 95. 

A aeries of ascents by free balloons and kites during a 
in the summer of 1908 resulted in some interesting 
For that week an international com- 
mittee bad oiganized a large ntunber of ascents, the 
obaervations extending over a vast area. The French, 
Germaiii and Italian Navies sent special vessels to the 
ndgjiboiir h ood of the Canary Islands and the East Coast 
of Africa to participate in the work. On land, observa- 
tiom were made from stations distributed over Europe, 
America, Africa, and Asia. 

Ibe following figures bring out the details of these 
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Qoads are fonned up to a height of 35,000 feet, but 
aildom higher than 25,000 feet. There are a series of 
divations at which cloud formations are more frequent 
flnn at others. Thus the principal cloud regions are at 
the heights of 1600 feet, 6500 feet, 13,000 feet, 21,000 feet, 
aod 35,000 feet, and the altitudes about midway between 
these are more frequently cloudless. Sometimes the 
ckmd strata are of great thickness, banks of 3000 feet 
and 4000 feet of dense clouds being frequently met with. 
Then the aeronaut over a small island such as Great 
ftttain has reason for anxiety. He has no means of 
locating his position. He must not remain out of sight 
of land for long. 

The following taUe gives a general idea of the varieties 
of donds and their corresponding heights, beginning with 
those near the surface. 



Htightln Feet. 


Name. 


De^ciiplion 


Sea-level up to 

3.000. 
4,Soo to 6^000. 
4,SGO to 34,000. 

fiyiOOU 

37^000 (average 

rjfioo Average 
Jieigfat). 


Stratus. 

Cumulus. 
Cumulo-nimbus. 

Strato-cumulus. 
Nimbus. 

Cirro cumulus. 
Cirro-stratus. 

Cirrus. 


Elevated fog, so called. 

Rouiuied heap. 

Tower - like clouds, with 

round lops and flat bases. 
Rolls of daik cloud. 
Masses of dark formless 

cloud. 
Fleecy cloud, mackerel sky. 
Fine whitish veil, giving 

halos round sun and moon. 
Isolated feathery white 

clouds. 



not permit the inclusion of an explanation 
of qi^cknie and anticyclone, and the author would only 
ffimwT the reader to consult the latest works on this 
pA||gct and not to accept theories that are now old- 
ffritiT*^ So &r as the subject concerns the airman 
iltfiag^ang hnnself in the bottom xo.ooo feet of atmo- 
it JDny be said that in the interior of a cyclone 
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\XT hour. Further, whereas sea currents are mostly 
charted and regular, air currents are extremely irregular, 
arc little understood, and are apt to spring up with littk 
wwrniniT in creat strength from any direction. ProbaUy 
r.wriV aerial currents are as constant in their general 
]\>ition a5 are sea currents, but varying in power. 
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. »x ;*".' CN»\-.-: .* * ^— .'in^ «-:r.: :ba:5 Xo, I, Le. a longer body of 
*■. >ftvxo^ r ft ~«\-r '.r.--.' T^^ a«*.-T»a:»f iherefcre hms fiuther totmcl 
* ^ :-.v ■ • ■^.• «■ . s^'" .^vc* "•.•Tif« : : sjtItc at B. 
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V. 
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V^ ^\^f*^'.v* Ki r.Avd N^T^^tc knf a{!o : " For the aeronaiit, 
\^t\o KK\\\i:>w t^^t x*^ tV cArth but to the atmospfaeie, 
x^ uul »Kvv u,*t «'\>! * Wind must he regarded as a boAf 
^^^ •*« iu n^Mvu *\"*n\ii>j the aircraft along with iL Tte 

wUliwU tv^ the rATth KrkMT. is the ««T«iipnt of its ofiB 
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novement wifh the movement of the body of air. Again, 
is Cblonel Renard says of the airship, and it applies 
equally to the aeroplane, " The wind changes nothing, 
aMher in the nature of the efforts it has to undergo 
during the voyage or in the speed of its displacement in 
xdaticm to the aerial ocean in which it floats ; and every- 
thing goes on as if , the air being perfectly motionless, the 
earth were flying beneath it with a speed equal and 
contrary to that of the wind/' 

Yet it is sometimes said that an aircraft can " tack " 
to and fro like a marine vessel, to gain a point in an 
adverse wind I 

It is usually correct to say that the rush of air is always 
in the face, and that its strength is that of the indepen- 
dent speed of the machine. There are moments, however, 
^dien the rush of air varies in strength and direction due 
to sudden irregularities and gusts, and at times through 
the machine slipping away to one side when turning. In 
the case of gusts, the machine does not immediately 
respond to the di£ference in the speed of the wind, and 
for a moment its independent speed in the air is less or 
more, as the case may be, than in normal flight. 

A good deal of misconception is based upon this 
matter. Some pilots maintain that an aviator feels 
greater wind pressure when he is flying against the wind 
than when he is flying with the wind. This does not agree 
with accepted theory, since every machine to get the 
proper amount of support must pass through the air at 
a certain speed. But there exists the difiiculty, on the 
other hand, further explained in another chapter, of 
keeping the head of the machine down when flying against 
a gOBty wind, or of keeping the head up and the altitude 
awintamrd when flying with the wind. Very many 
ftMM aad people who have been up as passengers have 
to aotke the slij^ difference, yet it seems perfectly 
to mnxMe that asainst ♦i^^^ wind an aeronlane 
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accomplish was to combine direction-control and paver 
in a kite. 

It was first necessary to discover the best form of kite, 
but it was not really until 1894 that men began smaaij 
to tackle this question. Eleven years previously Doo^ 
Archibald experimented with the object of finding onk 
a suitable form of kite for conducting meteondogicil 
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experiments. The next systematic work was in Ite 
United States : on August 4. 1894, for the first tiM. 
automatic recording apparatus was sent up cm UImI 
from Blue Hill. In 1895 Professor llarvin, in W«dii|!r| 
ton, made his important studies on kites, and dnrbgiM 
summer of 1898 he arranged sevimteen kite station 
the United States Weather Bureau. In the aans 
the raising of men by means of kites was adikl 
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earn pulls more regularly than a single kite : tbey 
ut upon one another in the changing velocity and 
;ction of the wind. Twelve feet square — 144 square 
— is calculated to have a hfting power of about 
lbs. in a steady breeze. A plane area of 180 square 
t is necessary to lift an average man. 
L novel type of cellular kite was that introduced by 
Jiam Bell. This was the tetrahedral cell kite, each 
, as the name denotes, being a triangular pyramid. 



Fio. 95. GxAHAM Bill's Tbtkahidkal Ckll Systxm 
Ai applied to tui kite and hii aeroplane, 

sides of each cell consisted of fabric, the other was 
>n. The two closed sides, with their points extending 
vards, were not unlike a bird's outstretched wings. 

1 made extremely successful kites consisting of a large 
nber of these cells placed together. In one apparatus 
X 3000 cells, arranged in the form of a huge blunt 
Ige, possessed great steadiness in the air. In a sudden 
t the only efiect produced was a slight shivering. The 
entor daimed that a flying machine built on these 
s would possess a degree of stabihty unattainable by 
rotber form. 

i motor, aJr^propellBr, end rudder would turn the kite 
> « ^ying "■'•^i"" : the aeroplane is a self-propelled 
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kite. The pull of the kite-strixig is, in the aeroplane, 
replaced by the thrust of the revolving screw. 

{b) Resistance of the Air 

The air is a fluid, light and comparatively attenuated, 
yet of a definite weight and substance. It is the element 
that man breathes, and it seems without dexisity or form 
or colour. But it is heavier than many gases, which, 
nevertheless, are ponderable. It is twice as heavy as coal 
gas, and about fifteen times as heavy as hydrqgen. It 
is so substantial that when moving at a great velocity 
it has been known to hurl locomotives off the track; 
and its movement constantly agitates the ocean, whose 
water is nearly a thousand times heavier than the air. 
In high wind its pressure on a building amounts to as modi 
as I cwt. per square yard. And since it can, when in 
motion, produce such effects as these, it follows that 
when still it will offer great resistance to objects borne 
rapidly through it. The larger the surface of these 
objects, the greater is the air's resistance. It is ea^ 
to drag a plate through the water edgewise, but to 
force a plate through water flat requires considerable 
strength. 

The parachute is a common and convincing way of 
demonstrating that the air is a very tangible substuioe, 
offering great resistance to bodies of a certain form. 
The time occupied in falling with a parachute may sees 
long to readers who have not given attention to the sob* 
ject. A fall from a height of 10,000 feet occupied thirty' 
five minutes. Frau Poitevin took forty-three minutes IQ. 
descend 5500 feet in a parachute. A parachute abovt | 
35 feet in diameter flat, or about 28 feet in dianwitf 
arched, will give so much support to a man that n*'*^ 
its aid he can fall from a great height without allfl^ 
90 heavily as to be hurt. 
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" Later Etxich added a tail, and modified his n 
wings consideTably. 
" He has had many folknvess, particQlaiiy in Genn 
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The " pitch " of a propeller is the rise in one complete 
torn, or the distance it would advance in one revolution, 
provided it revolved in an unyielding medium. Air- 
IHopellers are in effect simply aeroplanes revolving. 
Their " pitch " and angle are like the tilt and the curve 
of the planes of a flying machine. 

The efficiency of a machine should be judged by its 
capacity for transporting the greatest load in the shortest 
time for the least expenditure of power, but very often 
in open aeroplane speed contests the prize is awarded to 
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the least efficient machine. For example, of two machines 
in rivalry one carries a load of looo lbs. at forty miles 
per hour with a 50 h.p. engine, while the other carries 
600 lbs. at sixty miles per hour with a 100 h.p. engine. 
It is easy to see that tl^ first is not only more efficient, 
Int it is more economical : the reduction of engine-power 
means a saving in initial cost and in running-power. The 
lij^l-poweT craft, however, usually wins an open speed 
C ui n | ic t ition. Of more service to aviation, though not 
■o popular as open races, would be maximum and mini- 
nnBi speed contests, A new featnre, introduced in 1914, 
'4br IIh Gordon-Bennett required that competmg machines 
^:'4imild be abk to fly at a certain minimnm speed. 
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of a train. Suddenly a voice hailed out of the 
sounding very near. The balloon had descended near 
earth without the aeronauts perceiving it, and qinddy 
they shouted, *' Where are we ? " 

" Going towards Dunmow/' came the instant repty. ' 

Later on, over the North Sea, and crossing 360 nihl 
of it : " At ten minutes to one we became awaie of a 
sudden change in the conditions around us. As if by 
magic, summoned to appear out of the void in all dire^ 
tions, at a great distance from us, but about the saiBK 
level, a great number of small, white, flufiEy clouds ap- 
peared. The circle was complete. It seemed as if tta 
demonstration must be intended for us. Then we 
aware that similar clouds were forming ^nft^b^r 
nearer to us. Quite motionless in relation to oanehv 
these weird shapes remained. They were travelling m 
the same wind. As for our progress, no sense of motioa 
was perceptible. Not a tremor of the car, not a breaHi 
of wind, yet we were going at thirty-five miles an hoar." 

In another voyage the sea was crossed by day. 

" Sea everywhere, and no land in sight. The tens of 
millions of waves looked very diminutive, but crysttl 
clear, and reflected from their facets every degree of grey 
and green, light and shadow. The sea was not rou{^, bit 
the tops of an infinite number of waves were farokm to 
snow-white foam. As we descended nearer to it the in- 
cessant murmur of the commotion of waters reached us— 
a sound of unique quality and wonderful sweetness/' 

Dawn in cloudland is nearly always impressive. 

" At five o'clock the light was strong enough to make 
a faint shadow. The balloon had fallen to 4500 feet. Iks 
cloud scenery now began to bestir itself and oommenoed 
a series of wonderful groupings. Across the nbrtlMait a 
straight row of weird and fantastic shapes appoeaii 
Uack as ink against the lightening sky. TfaqrreaeBAU 
gigantk trees rearing tfaemelves from a flat had comfd 
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irith white mist. These grotesque shapes appeared to be 
Jbe same clouds that half an hour before had passed 
Jowly below us, then appearing indefinite and fleecy. 

" The dawn grew nearer, and a red tinge appeared 
behind the row of cloud-trees, which became bladcer and 
qnore sharply defined. A beautiful green hue appeared 
above the red. To the south the clouds were bluish grey. 
The stars were still very brilliant. 

" Almost suddenly, at about six o'clock, the row of 
strange trees lifted up to a higher level. Imperceptibly 
the tree-clouds disappeared, and a series of mysterious and 
ever-changing clouds took their place. One slate-grey, 
ipoiiderous-Iooking mass occupied a giant's share of the 
northern sky slightly below us, but with its topmost peaks 
and domes far above. 

" It is impossible to give any idea of the immensity and 
variety of these changing scenes. Nothing like them 
could be seen from the ground. In the south a limitless 
stretch of cloud-peaks look like Switzerland moulded in 
snow. The impression of distance conveyed by it was 
wonderful, and probably the view extended to 150 miles 
or more of cloud." 

Infinite is the variety of cloudland. Here is another 
dawn • — 

" Across the Ugfat in the east regiments of vapoury 
figures slowly stalked. It was easy to imagine that these 
grotesque shapes were inhabited by spirits akin to their 
wnrd forms. There was strange commotion in the field 
of grey fog. Wisps of thin cloud would suddenly rise here 
and there, and as the light increased the cloud-shapes 
became better defined. Never at rest in the general move- 
ment eastward^ varying currents of air carried some por- 
lipns of the dond area faster than others. There were 
tjOmr movements of the irregular sur&ce up and down. 
Jhil woolly fainocks passed and repassed eadi other, rose 
iftAitoB lUbie each other, and, agunst the background of 
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lually, and after a landing can be performed without 
t>le, the propelling portions of the apparatus may be 
into operation," 

lanute made 700 glides on his biplane glider (see 
ram 6, page 33) without the sli^test accident. Its 
weight was 22 lbs. To " lift " off the ground the 
:or had to attain a speed of twenty miles an hour. 



Pio. 38. Thb 190a Wkioht Hachinb 
FlowD u B kite in m li{ht wind. 

he i&i by running and jumping off the top of a 
ad. The angle of descent was about i in 10. 
le Brothers Wright made a great advance on 
rate's work. They adopted the prone position in 
ig instead of the upright, thus majong the landing 
r, and they used a glider twice as big in superficial 
as that of any of their predecessors. They discarded 
lail Ken in the Chanute ghder, hat used the hori- 
il roaOer (or " elevator ") at the front. The Wrights 
A^inaftttda of times safely from the top of a hill. 

ift^pA from right to left by tilting the right and 
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manner that makes its control instinctive. Thus, if the 
pilot desires the machine to climb he pulls the lever 
towards him ; if he wishes to depress the head of the 
machine for descending he pushes the lever forward. To 
raise the left wing of the machine he pulls the lever 
slightly to the right, the sensation being that of Ufting the 
left of the machine up. To raise the right wing he pulls 
the lever away from the right. Many of the movements 
are combinations of fore-and-aft and lateral, and become 
small curved turns. After each alteration of the wheel 
or lever, the control is brought back to the normal posi- 
tion. For example, having once got into the angle 
desired for descending, the pilot brings the elevator back 
to the normal position. If it remained depressed the 
angle of descent would steadily increase and soon become 
dangerous. The pilot in all these operations " feels " the 
machine answering to his touch. 

The instructor gives his pupil a number of rules before 
his first solo flight, and it is well for the pupil to learn 
these rules not only by heart but so thoroughly that he 
puts them into force almost unconsciously. These rules 
may be summarized as follows in the form they were 
received by the author in the course of tuition on a 
" pusher ** biplane now being described : — 

" When the machine has attained almost sufficient 
speed for lifting, gently depress the elevator by pushing 
the lever slightly forward. This assists the tail off the 
ground. Then, almost instantly, pull the lever slightly 
towards you. This lifts the head of the machine and 
depresses the tail. The aeroplane then rises from the 
gr6und. Push the lever forward to normal, and then, in 
order to gain altitude, again pull it back very slightly, 
ttnd only for an instant. Continue these movements, 
^tffffidiyig by small, almost imperceptible steps. 

^ "Wlule %ttff^4o not watch any particular part of the 
fiff**fat or Imbcape. Your first incUnation will be to 
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Distance covered in kilometres : 191 1, 57,522 ; 1912, 
157,284 ; 1913, 327*760. 

Number of flights which have caused accidents : 1911, 
119 ; 1912, 165 ; 1913, 320. 

Percentage of ditto : 1911, 0-84 per cent ; 1912, o-6i 
per cent ; 1913, 0-31 per cent. 

Number of fatal accidents : 1911, 5 ; 1912, 5 ; 1913, 12. 

Percentage of ditto : 1911, o-o66 per cent ; 1912, 0-028 
per cent ; 1913, 0-032 per cent. 

The figures show an enormous increase in the duration 
of flights, although strangely enough the number of avia- 
tors who passed their brevets there was not so great as 
on^. would expect. The percentage of accidents seems 
high, but it must be remembered that the Johaxmisthal 
aerodrome existed very largely for the testing of experi- 
mental machines by small n^akers, which in Germany 
were usually very badly made. The big firms had, as a 
rule, their own test grounds. 
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were harboured in the grounds ; and there were aectioiB [ 
devoted to the natural history of flight and to Ixteratint. j 

While this Exhibition was being held Louis BUriot 
flew across the English Channel on July 25, and Hubert 
Latham twice failed to achieve the same feat. 

In the autunrn an aviation meeting was opened at 
Doncaster, followed three days later by one at Blackpool 
A good deal of flying was seen at these meetinf^, in spite of 
bad weather ; and at Blackpool Latham flew inhalf agafe 
of wind, a sensational feat at a period when flying was con- 
sidered impossible save in perfect atmospheric conditioiB. 

Airships took part in the French and the German Aimy 
manoeuvres in that year ; and at Gfittingen University 
a Chair of Aeronautics was established, the first hdder 
being Herr Prandtl. 

The following year saw a number of remarkable de- 
velopments, big cross-country flights being a feature. 
Some idea of the great advance in the practice of a^ial 
navigation may be gathered from the fact that wheieas 
up to December 31, 1909, the total number of aeroplane 
flights of an hour's duration was sixty-four, in 1910 theie 
were no fewer than 350 of over an hour. Of these seventy 
exceeded two hours, seventeen exceeded three hours, 
three exceeded four hours, two exceeded five hours, and 
one exceeded six hours. Thirty were with passengeis, 
seven of the passenger flights exceeding two hours. There 
were in cross-country flights of over an hour's duration, 
nineteen of these being flights of over two hours, and 
many of them being flights with passengers. During the 
year there were more than fifty aviation meetings. Of 
the international meetings two, those at Bournemouth 
and Lanark, were held in Great Britain. 

In that year excitement was aroused in England 1)y the 
aerial race from London to Ifanchester, a prise of £xo,ooo 
offered by the Daily Mail being won by Louis l^uDias 
after a ctose struggle with C. Grahame-White. AKhom^ 
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CHAPTER XIII 

MODERN AIRSHIP THEORY 

Tbe years 1913 and 1914 saw a measurable advance in 
dirigible ballooning. The success of the Zeppelin type, 
confoimding the forecasts of its more uncompromising 
critics, who had held that there was no future for " gas- 
liags/' had much to do with this. The British Govern- 
ment took an increased interest in airships, when, on 
January i, 1914, the control of all lighter-than-air craft 
passing from the Army to the Navy, the coimtry became 
pledged to a mpre ambitious programme than that of any 
preceding year. 

The experience gained by the aid of the small Army 
airships showed three things, namely, the need for 
efficient stabilization, the value of swivelling propellers 
(invented by E. T. Willows), and the possibiUty of mooring 
airships to a mast, the nose being held in a swivelling 
cone. Lessons had also been learned from the failure of 
tbe rigid airship, Naval Airship, No. i (the *' Mayfly "). 
Farther brief reference will be made to these first trials 
erf British airships : and the reader is also referred for 
further information on the same subject to Chapter IV. 
But first it is necessary to describe the various main types 
into which dirigiUes are divided. 

Hie lift of an airship depends on the size of the gas- 

cSaDtainer ; roughly, 35,000 cubic feet of gas will lift one 

ton. The car and its contents constitute the greater part 

^ of the load, and if it were carried by a limited part of the 

i envelope, say, the middle, the balloon would buckle. 

I TUb difficulty is avoided in various ways and, according 



CHAPTER XIV 

FIRST USE OF AIRCRAFT IN WAR 

Writing to his friend, Sir Horace Mann, in 1785, Horace 
Walpole gave expression to an unconscious prophecy : 
'' I expect they will soon have an air fight in the clouds." 
Nine years afterwards a French balloon saw service at the 
battle of Fleurus, and there has not been an important 
war since then without aircraft. But not until the Great 
War of 1914 was the prophecy literally fulfilled. 

No more than a bare summary can here be given of the 
first occasions when balloons were used in war ; but this 
summary will perhaps surprise many who may have 
imagined that the balloons which ascended from Paris 
during the siege of 1870 were the first, and that nothing 
much was done afterwards imtil 1914. 

1794. June 2. Ascent by French balloon during the battle of 
Manbeuge. 

June 26. Ascent during the battle of Fleurus. 

Z796. Balloons with Jourdan's army made ascents in front 
of Andemach and Ehrenbreitstein, and were captured 
by Duke Karl's Austrian army at Wflrzburg. 

1798. The first company of French A6rostiers order^ to Egypt. 
Destruction of balloon materials in the battle of the 
NUe. 

Z799. The French A6rostiers sent up several Montgolfi^es from 
forts in Cairo. 

Z849. Austrian bombardment of Venice with balloon torpedoes. 
At the suggestion of Uchatius, an artillery officer, the 
range of the besieging batteries being insufficient to 
bombard the town, Montgolfidres made of paper were 
used. Each could lift 70 lbs., and each carried bombs 
weighing 30 lbs. for thirty-three minutes. Position 
was chmen on the windward side. A trial balloon 
was liberated lor a ooorse laid out on a chart. Then a 

ai5 
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In the same year the Mexican Federals captuxed an air- 
man named Didier Masser, and executed him as a spy, 
thus raisixig the question of the status of the air-scout. 
The incident caused discussion at the time, but the point 
was settled in the Great War, in the course of which 
numerous airmen were captured by both sides and treated 
as ordinary prisoners of war. 
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This is of extraordinary interest now, as illustrating 
the general possibilities of aircraft at the time, and par- 
ticularly in view of the fact that three classes of fighting 
aeroplanes were specified. At that time many experts 
supposed that aeroplanes of the types then extant would 
never ^ght in the air, that they would, on the contrary, 
always avoid conflict. It is a fact that the Britbh " Fifth 
Arm" entered the field with many machines better 
adapted to fighting than those of the other Powers, and 
the tests quoted above are proof that the British authori- 
ties had, in one detail at any rate, a clearer conception of 
the coming aerial war. Duels in the air occurred immedi- 
ately after the outbreak of war. In a later chapter this 
development will be examined. 

As if in anticipation of the great ordeal that was so soon 
to come the Army manoeuvres of 1914 of all the Powers 
brought together unprecedented numbers of aircraft on 
a war footing. 

A test of the organization of the German Flying Corps 
was made in May. Three aeroplanes were ordered to be 
sent to Doeberitz from each of the centres at Cologne, 
Posen, Kdnigsberg, Halberstadt, Metz, Strasburg, Darm- 
stadt, and Graudenz, each about 300 miles distant. With 
the exception of the three from Darmstadt, which were 
stopped by a storm, all the machines reached their 
destination in good order. 

In France squadron flights were at all times in progress. 

In England a concentration of aeroplanes was made on 
Salisbury Plain. Five squadrons, each of twelve machines, 
were assembled, with transport. Three of the squadrons 
had their complete road transport, namely, thirty-eight 
vehicles each. There were other but incomplete units, 
and altogether about seventy aeroplanes and two hundred 
motor vehicles were assembled. The exercises included 
speed tests, reconnoitring for named objects, climbing 
tests* wireless, photograpihing, and night-flying. 
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26o Battles in the Air 

But no machine can carry an unfimited mpiftf d 
ammunition, and the moment comes when the cnea^, 
miless crippled, can take the engme-behind craft m tte 
rear. This, of course, is a manoeuvre that requires dft 
because ahnost certainly the '' pusher " wta^iiifMi is tte 
slower of the two axid is soon left behind, and its o p po u ak \ 
must fetch a wide sweep round. Meanwhile, the otiKr ; 
will do its utmost to avoid being caught in the rear, lodi i 
well handled, may succeed in the manoeuvring gum 
almost indefinitely. High speed is, in ahnost every cue, 
a huge advantage, but it has one drawback in those typa 
of aerial craft which are not able to go slow or hist at lA 
On one occasion a Vickers fighting biplane was overtakes 
by a Fokker but beat it in fair fight. 

Both parties to an aerial fight must ever keep aa eye os 
their whereabouts ; they are ever drifting leewaid ft 
more or less speed, and usually to one or the other Hm 
drifting carries the fight towards the enemy's lines. 

The full story of the fighting in the air during the Great 
War would fill volumes. Here only a few incidents can 
find a place. 

Captain Hawker, of the Royal Flying Corps, was on 
one occasion flying a Brbtol scout when he encountered 
a German aeroplane over Hooge, at a height of zo,OQO feet. 
Approaching down sun, his opponent thus having flie 
light in his eyes, he opened fire at a range of loo yaids, 
and the enemy craft took fire and was destroyed. 

The same pilot over Bixhoete, at a height of 9000 feet, 
approached a German scout biplane unperceived, and 
opened fire at 50 yards' range, bringing the enemy down. 

But that was by no means a record short range for 
aerial duels, for in several cases machines have paaeed 
each other at less than 20 yards exchanging streama of 
bullets. Imagine two ninety-miles-per-hour wf^T>faM» 
passing in that fashion, the relative speed heaig x8p isiha 
per hour I 
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The tractor type of aeroplane — that is. the maddae 
with propeller in front — possessed obvions disalalities 
when need arose to be able to fire a ma^liinp gun, urindi 
was in that type restricted to firing from the rear. Modi 
ingenuity was exercised to overcome this difficulty, and 
it fell to one of the Allies' ainnen early in X915 to inveiit 
the " deflector propeller." 

The gun is in a fixed position behind the propeller, 
with its muzzle pointing forward just above the boss, b 
the case of a two-bladed propeller, in the course of one 
complete revolution, the period during which the arm of 
the propeller, instead of open space, would be opposile 
the gun muzzle would be no longer than about 2 per cent 
— that is to say, if making 1000 revolutions in a minute 
the gun, firing a continuous stream of bullets, would find 
no obstacle for 58} out of the 60 seconds ; in the other 
i^ seconds the bullets would hit one or the other of the 
two arms and scatter over the machine, damaging it or 
hurting the pilot, as well as, in all probability, brealoDg 
the propeller. 

To prevent this each of the propellers has a very small 
deflector at that point of the blade that is struck by the 
bullets, and this deflector — ^merely a small metal plate — 
turns the bullet off so that it passes through, clear of the 
machine, but, of cotu-se, wide of its mark. This occasions 
no appreciable jar to the engine, and merely means the 
wasting of a small percentage of bullets. Thus, if one 
hundred bullets are fired in a minute two go wide. 

The marksman is handicapped, inasmuch as he must 
head straight for his opponent when fixing, but it also 
means that the pilot can steer his craft and fire the gun 
hiniself , so that the machine may be a li^^t, speedy ooe- 
seater as well as a fighter. 

Until this simple device was invented iilgenuity was 
racked to contrive an elaborate and compficated arrai^ 
ment by which the propeller stopped the gun mi tte 
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It seems inevitable, however, that the aeroplane iril 
develop to a position of absolute superiority to the ai- 
ship for fighting purposes. Carrying mathine guns it wiB, 
at the same time, have greater speed and climbing mwH' 
than any contemporaneous air^p, and it will preaitf ,» 
a smaller target, particularly as to vital spots. Tbe ai^ 
ship, it should be remembered, has only to catch fin ii 
the air to suffer defeat, usually disastrous. By ni(^ 
however, aircraft will always have a difficiilty in baStf 
each other, and reliance for defence will be chief^ iqiOB 
anti-aircraft g\ins which will at least compel the coeaf 
to keep at a high level. 

The DevELOPUEHT of the Hiutarv AasoKjjn 

The key herewith gives the poeitim ia tlu bu^B pteta ti tto 
varioos numbers. 

No. I. — A Haarice Faiman biiduis with 70 h.p. BhmK 
engine. Tbe fint aeroplane to be used on acttrs Mrrfas fcf ■"■ 

?nver, and was employed by tfaa ItaUini lo Tkbwli, aptM 
nrkSilfdr scontinjt, »«?< for tlu d r opping of Tf'mifaL 



/ 




V I 






u^ — 



1 



I 









IPUBLic 



tVV 



yORK 



ubrar\ 



M9^ 



O* , . 






p 




I J 

I 

I 



' 


' - 


r 
1 


i 


1 

i . 






1 


r 




r 


' 



- — T-w ^ •'" * \ 

• 'TV-- '■ '. ^vAK^'\ 
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\o fly this huge vehicle was derived from four motors 
SBch of 250 h.p. 

Enthusiasts need feel no disappointment with the 
limit set to the size of the coming aeroplane. If the 
limit should prove to be only three tons useful lift such 
machines would be capable of remarkable performances 
uid would have an industrial and also a military signifi- 
:aiice of revolutionary importance. 

Non-technical readers, perhaps, have no conception 
df the vast work involved in designing each new aeroplane 
development. Actually, a new aeroplane, not counting 
the engine, not necessarily a radical departure from 
pcevious t3rpes, requires anything from 150 to 250 working 
drawings and a vast amount of calculations. 

Looking ahead in the light of actual experience and not 
indulging in fancies, it can be clearly seen that the employ- 
ment of large forces of big aeroplaioes capable of starting 
bom England and in a few hours bombarding cities on the 
fax side of the Rhine will be possible. In like manner, a 
iiostile European Power with bases near the North Sea could 
attack our inland towns and our railway lines and depots. 

National defence must therefor -> take on a new aspect. 
To resist attack, it is true, established military methods 
must be used, but the material will be different ; the guns 
will bei different ; different projectiles will be used ; and 
attack and counter-attack will often be by aircraft which, 
navigating the air, are entirely differently environed and 
conditioned from vehicles ordinarily used by the Navy 
aadAnny. 

New strategical considerations arise, demanding special 
study, special training, and highly technical knowledge. 
War in future will begin with sudden and unannounced 
nddi on a largie scale on the enemy's railway systems. 
And armament for o&nce and methods of defence only 
dfanly foreshadowed during the Great War will be de- 
nttfidUL Bonib^roppuig from aircraft calk for different 
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282 Flying Developments in Sig^t 

training from that of any artillery, and in many case 

projectiles are different. 

Further, navigation of the air goes hand in hand 
ocean navigation only a very short distance 2 ittfaencrfft 
for knowledge and training of a kind foreign tc 
The study of the atmosphere itself is the study 
time, and will require highly specialized a1 

Apart from military value the future of the 
is a matter of intense interest. Has it a ammenU 
future ? To answer that question it will be well to 
the temptation to assiune very much cheaper 
and cheaper fuel than those in use. A quite 
calculation that appeared in a technical journal is 
quoted : — 

" Take, for example, an aeroplane of xooo h.p. Alow- 
ing a carrying capacity of 20 Ihs. per hup. — wUcfa ic|n* 
sents fairly high efficiency, but is penmssiUe because Vi 
aeroplanes should be more efficient than small ones— m 
have a lifting capacity of 20,000 Ihs. The machine and 
engine may weigh about 8000 lbs., leaving a useful load 
of 12,000 lbs. 

" Allowing one hour's petrol for 1000 h.p. at 0-7 pint 
per h.p. hour, we get 87 gallons per hour, or 435 gaflons 
for five hours, which will weigh 3130 lbs. Oil for five 
hours would weigh about 313 lbs. Thus the total wei^ 
of fuel should be 3443 lbs. 

" Deducting this from the 12,000 lbs. useful load, we 
find 8500 lbs. available for forty-two paassengers at aoo 
lbs. each — ^including light baggage — or twenty pafwengnys 
and about 4000 and odd lbs. of mails or heavier baggage. 

" Now, the machine should have a speed of between 
eighty and ninety miles an hour, so we may assume thii 
it is ready at any time for a non-stop journey of 300 anks 
in the five hours, even against a moderately stratig head 
wind. 

" The cost of 435 galkms of petxoL at the top fcte <)< 
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a non-inflammable gas of appniodmatdy tfaa sn 
gravity as hydrogen, and nomoredifficiilt topracnBbvH 
some day be available. Another important rtiro r tk irf] 
improvement lies in the maintenance of anevaitoffl^] 
ture of the gas in a balloon, which would greatly prahil 
the dmution of a voyage. If efiecfced to a very ihbIiI 
degree it would to some extent coonter-balaBDe Ihe^fr 
pansion and contraction of the gas under diSefcattte^ 
spheric pressure. But what this wonld mean inay li 
indicated by the fact that a rise or fall of z8 or aodqpM 
would be necessary to have the same effect as a liaflr 
fall of 1000 feet of altitude. 

In 1913-14 there was a movement in Rranoe aiokf 
at the development of a fljdng marhipA that oodU Idii 
the air with the aid of one man's nrascolar power. VariBH 
contrivances of wing and plane were tried* many 
being based upon the bicycle principle, the 
action being employed to get speed up on the groond lad 
to drive a propeller. No success was achieved, and it 
may be said that no success will be attained cm these lines 
unless some improved method of converting muacofar 
energy, or else some much superior plane-design to any 
yet known be discovered. 

Bidriot's experiments in 1913 with an aeroplane de- 
signed to fly from and alight upon a caUe-way appean to 
indicate an important new type capaUe of readeriiig 
imique service even though the hydro-aeroplane shooid 
overcome the troubles and disabilities under which it has 
laboured. If the cable plane or deck-plane shonld be a 
success, it would not only be able to co-operate with wif- 
ships far away from land but, what is even moie impose 
tant, it would aero-dynamically be nwre ^ffrfamt tktt 
any existing aeroplane or seaplane. It woidd natd as 
wheeled landing carriage, nor the still nmea fnyedtac 
float or boat. And this would secure a gnat gtjmki^ 
ing efficiency. The wings would be mada ndrinfealli i^ 





APPENDIX 

PRINCIPAL WORLD RECORDS. 1916— AVIATKH 

(m. aMicmopIaiie ; fr.^Biplane) 

Thefoihwing ar$ the principtU world records td§el$d fmm 
recognised by the FSdiraHon ASronetuHqus ImJnmmfipmeie. 
interesting records are not recognised, or kmoo noi yei hm 
by the F.A,I., and these are indicated by am meieHak.* 
recognised by the Royal Aero Clyb. bai noi by Uia PJL1h\ 
indicated by a dagger,^ - 

So greatly have the motor-inneer and ge marmi oapatiKlkS} 
aeroplanes been increased during the woe thai U ti MJUffsiiA 
that many of the following records have beam surpmsaai. 

Spxbd 

5 kilometres. — i min. 43*4 sec., J. V6driiMB, in U.SJL« < 
Sept. 9th. 191 2 (Deperdussin m., 160 h.p. Gnome motor). 

Speed over Closed Circuit 

126*67 niiles per hour. — ^M. Pr6vost, in France, oo Sept 19I 

191 3 (Deperdussin fw.. 160 h.p. Gnome motor). 

Distance in Closed Circuit without Auomm 

Pilot akme 

646 miles. — A. S6guin, Paris-BordeaaR-Fuis, Oct. 13A, 19 
(H. Farman b., 80 h.p. Gnome motor). 

Duration 

*24 hrs. 12 min. — R. Boehm, at Johannisthnl, on JwSf lo-lil 

1914 (Albatros 6., 73 h.p. Men^ds motor). 

21 hrs. 48 min. 43 sec. — ^W. I^ndmann, in Gcnouuiy. 00 ]i 
26-27th. 1914 (Albatros b., 75 h.p. M£rcedte inoto^. 

Altitude 

Pilot alone 

^a5»756 feet — Oelrich, in Germany, on Jnly I4tl^ ij|(i 
6./n6 h.p. Beaidmdre-Anetro-Daimlermiitac). 
21,456 leet.-»£. Andeman, ait Imy, on Sift^ tHk 
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DmAXCB 

The P5 (Italy), 506 miles, on July sotti, 1913. 
*The M2 (Italy)— Wolseley moton— 745 milM. on Oct 
1913. (Longer voyages on ZeppeUn aiishi^ have^ hoMvsi; 

made.) 

DURATIOM 

The P5 (Italy), 15 hooxs, on Jwie asth, 19x3. 

*The Adjuda$U Reau vFtance)^ ax hr. 20 min. 50 leCn oB 
loth. 191 X. 

*The Adjudani Vincenoi (France), 35 hr. ao min^ en 
27th. 1914- 

*L3 (Zeppelin), 34 hr. 59 min., on Ifay xytii. 19x4. 

Spsbd 

The P5 (Italy), 64,800 Idioms, per boor (40} miki pm I 
on July 30th, 1913- 

*The La and later Zeppdins on speed trials attminad nan 
52 miles per hour ; and it is claimed tiiat llio Itslin si 
V attained the speed of 58 miles per boor in offidd fMK 
1915. 

RECORDS— SPHERICAL BALLOONS 

Altitude 

Siiring and Berson, June 31st, X901, at Berlin, xo,8oo 8 
(34*433 ft)- 

Duration 

Hugo Kaulen, Bitterfield to Perm, 87 hr., Dec. x^-XTth, 

DiSTANCB 

Berliner. Bitterfield to Bissertsk (Perm, Russia), x.8915 1 
Feb. 8-ioth, 1914. 

fBritish Record.— A. E. Gaudxon, with E. M. llaitlsBd 
C. C. Turner, London to Mateld-Derevni, Russia, X,XX7 1 
Nov., 1908. (Duration record also— 31^ hoars.) 
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Ballonnst. — A word takea iioni Hio 'FnDK±immaSaf**^t 
balkxm " and ezdnshreiy limited to an intieripr ^ 
ccHxtaining air, within the envelope of an ainU^ 

Bank, To. — ^To heel for the puipoie of taming. 

Body. — Of an aeroplane — ^that part which nsoaliy *'*^"*m- 

engine, crew, tanks, etc., and to which the wiagi^ cvd 

and other organs are atteched. 

Bracing. — A system of stmts and ties to transfer a fans i 
one point to another. 

Cabanb. — A French word to denote the mast atmctui epro|6C 
above the body to which the top load wiiea of a maaof 
are attached. 

CABRt. — ^Tail-down. 

Camber (of a wing section). — ^The convexity of a wing shI 
The camber is nsnally measured (as a iiactloe of 
chord) by the maximwm height above tiie cfaosd. 

Cant, To. — ^To tilt ; to take any inclined r^^«HVFi 

Carriage. — ^Tbat part of the aircraft beneaA tiie body Mh 
for its support on land or water and to absorb thi d 

of alighting. 
Chassis. — See ** Carriage." 

Chord. — The straight line (taken conventionally fore and 
unless otherwise specified) touching the under surface c 
aerofoil at or near the leading and trailing edges. 
length of the chord is the projected length of the sec 

on the chord. 
Clinometer. — See " Inclinometer." 

Control Lever. — On an aeroplane, a lever by means of iH 
the principal controls are worked. It usually oont 

pitching and rolling. 

Cross Section (of an Aerofoil). — ^The section cut by a fare and 
plane normal to the sur^ce (commonly the under soifi 

Dihedral Angle. — See under " Angle." 

Dive. — ^To descend steeply with the nose of the aircnft dowi 

Dope, To. — Of fabrics — to paint a fobric with a fluid sobsli 
for the purpose of tightening and pr ote cting it. 

Drag. — ^The resistance along the line of flight : tile bead 
sistance. Compare " Drift." 

Drift» To. — ^To be carried by a cuirent of air or water ; tDfli 
leeway. 

Drift. — ^The distance drifted. The speed of drifting. Thi « 
"drift" having a well aooqpted naattoal i|pdfici 
should be avoided as far as possible in me liMeof " fe 
resistance " or " dng." 
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Qoiaonne. 


A tenn descriptive of machme of 




the cellular type. 


CompasstB. 


Compaases. 


Coup. 


Knock. 


Cramponner. 


Clamp. 


Cric. 


Jack. 

Rear support. 


Cro68-b6quille d'arridre. 


Dtamltiplicateiir. 


Mechanism for gearing down from 




motor to propdler. 


Dtoites. 


Missing. 


Direction. 


Foot lever. 


£chappement. 


Exhaust. 


£crou. 


Bolt. 


£crou k creilldr. 


Finger-nut. 


Embrayage. 


Clutch. 


Emeiillon. 


Strainer. 


Emery toile. 


Emery ck>th. 


Empennage. 


The stability planes arranged 
about the tail of a dirigible; 






also the feather-tail of an arrow. 


Entonoire. 


Funnd. 


Essence. 


Petroly spirit. 


Essieu. 


Axle. 


Etaux. 


Vice. 


Forest. 


Hand drill. 


Freins. 


Brakes. 


Fuselage. 


Fusiform frame. 


Goupille. 


Spht pin. 


Gouvemail. 


Rudder, lever. 


Graisse. 


Grease. 


Guignol. 


Rudder. 


Hangar. 


An aeroplane garage. 


tl^Uce. . 


Screw propeller. 


Isolant. f 


Insulator. 


Jauge. 


Gauge. 


Lier. 


To tie, 


Lime. 


File. 


Manche k air. 


Air-feeder. 


Manivelle. 


Crank. 


Manomdtre. 


Pressure meter. 


Marteau. 


Hanmier. 


Montant. 


Strut. 


Nacelle. 


The basket or car of a balloon 


Panneau de d^hirure. 


Ritming pand. 


Pince-platte. 1 




„ nmd. > 


Pliers. 


„ coupante. ) 





Tige de connectioii. 

Tireveille. 

Toume vis. 

Trembleur. 

Valve d'arrtt. 

Vis. 

Volant de direction. 

Votante. 

Volet de dichimre. 



Connecting-rod. 
Rudder line. 
Screw-driver. 
Contact breaker. 
Check valve. 
Screw. 

Steering-wheel. 
Fly-wheel. 
Ripping pand. 



LIFT AND "DRAG" 

Prom the following table, which is extracted from Chanute's 
more complete one, it will be seen in what proportion the " lift 
and drag " of an inclined plane increase with increasing tilt. 



Angkof 
DeffTMk 


Nonnal 
FraMovt. 


Lift. 


Diac. 


2 


. 0*070 


0*070 


0*0024 


4 


. 0139 


. 0*139 


0*0097 


6 


. 0*207 


. 0*206 


. 0*0217 


8 


. 0*273 . 


0*270 


. 0*0381 


lO 


• 0337 


. 0*332 


0*0585 


12 


. 0-398 . 


. 0390 , 


. 0083 


M 


. 0-457 


. 0443 


0*115 


20 


. 0*613 , 


• 0-575 . 


0*210 


25 


0*718 


0*650 . 


* 0*304 


30 


0800 


* 0*693 • 


0*400 


35 


. 0867 • 


0*708 


* 0*498 


40 


o-goo 


* 0*697 • 


. 0*586 


45 


• 0-945 * 


. 0*666 . 


. 0*666 



If we have a perpendicular plane— 1.0., a plane at an angle of 
90 degrees— of 500 square feet, moving forward at a speed of 
20 miles an hour, this speed would cause a pressure of about 
i^ lbs. per square foot — altogether 520 lbs. If we incline 
the plane at an angle of 4 degrees to the horizontal, the *' lift " 
would be 0*139 of 520 lbs., and the "drag" or necessary thrust 
of the propeller, would be 0*0097 of 520 lbs. 
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Direction of 


THE Wind in 


England 


(Observations by Kamtrz) 




Percentafe Average of days 




of days. 




North 


. 8-2 


. 30*0 


North-East . 




Il-I 


• 40-5 


East . 




9-9 


. 35-8 


South-East . 




8-1 


. 299 


South 




ii-i 


. 405 


South-West , 




22-5 


. 82-1 


West 




I7'i 


. 62-4 


North-West . 






X2^0 


. 43-8 




lOO* 


365- 


Distance of Horizon at Various Heights 


A a Height of observe: 


r*! eye. B -Distance of Horisoo 


A 




B 


f^ 




mUea. 


5 


• • • 


2739 


10 








3874 


20 








5-480 


50 








8^664 


100 








12253 


200 








17329 


500 








27399 


1000 








38749 


2000 








54799 


3000 








67-115 


4000 


• 1 




77498 


Wek 


QHT OF Gases 


Weight of 1 eu. 




Spec. Gravity. 


Ibotiolbe. 


Carbonic Acid 


. '00197 


•123 


Hydrogen 


. -0000895 « 


•0056 


Nitrogen 


•00125 


•078 


Oxygen . 


•00143 


•089 


Coal Gas 


•0004 


•034 


Air 


•001293 


•08072 


Water . 


. I-OO 


. 62^425 


Petrol . 


. 


•70 


► 


• 


• 44 



Weight of Atmosphere 

14*706 lbs. per square inch. 

29-92 inches of mercury (89 inch section). 

33*7 feet of water ( do. ). 

The barometer foils about one inch for every rise of altitude 
of 1000 feet. 

u 
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MnUlIBTRXS 



65 millimetres 
85 



90 
100 



»» 



2} inches. 

3i 
3i 

4 



** 



•» 



»» 



Wind Velocity 
Equivalents of Miles-per-Hoor in Metres-per-Second 



Jrai 




• 


z 


s 


3 


4 


s 


6 


7 


8 


9 





o-o 


04 


o«9 


1-3 


1-8 


2*2 


27 


3« 


3-6 


4-0 


ZO 


4-5 


4-9 


5-4 


5-8 


6-3 


67 


7-2 


7-6 


8-0 


8*5 


20 


8*9 


9-4 


9.8 


IO-3 


iO'7 


II-2 


II-6 


I2-Z 


I2«5 


I3'0 


30 


134 


13-9 


M-3 


14-8 


15-2 


15-6 


i6*z 


x6-5 


i7«o 


174 


40 


17-9 


183 


188 


19-2, 


19-7 


20-I 


20-6 


21*0 


21-5 


2X'9 


50 


22'4 


22*8 


23-2 


23-7 


24-1 


24-6 


25-0 


255 


259 


26*4 


60 


26-8 


273 


27.7 


28-2 


286 


29-1 


295 


30-0 


304 


30-8 


70 


31-3 


317 


32'2 


32-6 


331 


33-5 


340 


34-4 


34-9 


35-3 


80 


35-8 


36*2 


367 


371 


37-6 


38-0 


38-4 


389 


39-3 


39-8 


90 


40-2 


407 


4«-4 


41*6 


42*0 


42-5 


4^-9 


43-4 


43-8 


44-3 


Equivalents of Metres 


-per-Second : 


in Miles-per-] 


Hour 




per 


• 


z 


1 


3 


4 


3 


6 


7 


8 


9 


Second. 























©•o 


2-2 


4-5 


6-7 


9-0 


II'2 


134 


157 


17-9 


20-I 


10 


22*4 


24*6 


26-8 


29*1 


313 


33-6 


35-8 


38-0 


40-3 


42-5 


20 


44-7 


47-0 


49-2 


515 


53-7 


55-9 


58-2 
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Useful Tables 309 



1*0 Convert Pahrenhbit to Centigrade 

If you add 9 degrees to Fahrenheit freesing«|)omt you have 
a temperature of 41 degrees Fahrenheit, the Centigrade equivalent 
being 5 degrees. 



Fahrenheit. 

32 degrees. o degrees. 

32+9=>4i „ 0+5= 5 „ 

41+9=50 .. 5+5=10 M 

50+9=59 .• 10+5=15 „ 

59+9»68 „ i5+5=ao „ 



Bird Fugbt 

The following table is based upon MouiQard's Table of Bird 
Flight: 

Weight in Ibi. 
per iqaan foot 
Oi Wing Suvf 

Bat 0^31 

Swallow ...... 0'a76 

Lark 0*327 

Sparrow-hawk 0*333 

Sparrow ...... 0*414 

GuU 0*426 

Owl ...... o*443 

Kite o*457 

Crane ...... 0*495 

Rook 0*575 

Plover 0*725 

Buzzard 0*795 

£g3rptian Vulture .... 0*848 

Quail 0*927 

Grey Pelican 1*365 

Wild Goose 1*708 

Turkey 1*910 

Duck (female) 2*008 

Duck (male) • • • • • 2*280 



312 An Aeronautical Bibliography 

" The Romance of Aeronautics." By Charles C. Tnnur. Lon- 
don : Sedey and Co. 

"Aerial Flight." By F. W. LancheBter. £2 28. LondoD: 
Constable and Co. Vol. I, Aenxlynamics ; VoL n, 
Aerodonetics. 

" Airships, Past and Present." A. Hildebraodt. xos. 6d. net 
London : Constable and Co. 

" Aircraft in War." F. W. Lanchester. 128. 6d. net Londoo : 
Constable and Co. 

"The Military Aeroplane." By Lcening, Signal Corps Aviatkn 
School, San Diego, California. 

" The Flyer's Guide." By Captain Gill. London : Rees. 

"Aviation." By A. £. Berriman. los. 6d. net. XjondoB: 

Methuen. 

AeranaiUics. Weekly, id. 

Flight. Weekly, id. 

Aeroplane. Weekly, id. 

L'Aerophile. Fortnightly. Paris. (An excellent i*>«i*iiW' publi- 
cation.) 

N.B. — The best aeronautical hbraries in the iringiinm an 
those of the South Kensington Museum (to which Mr. Patrick 
Alexander presented his magnificent collection, including a voy 
large number of newspaper cuttings), the Aeronautical Society 
and the Patent Office Library. 
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